Role of the aggregation factor in the regulation of phosphoinositide metabolism in sponges. Possible consequences on calcium efflux and on mitogenesis.
The aggregation factor (AF) of the marine sponge Geodia cydonium recognizes the aggregation receptor (AR) which is inserted in the plasma membrane, under formation of species-specific aggregates. The specific cell-binding fragment of the AF was used to investigate for the first time the phosphoinositide metabolism in a lower avertebrate system. We found that after binding of the cell-binding fragment to the aggregation receptor a strong and rapid stimulation of the phosphate incorporation into phosphatidylinositol occurs followed by an increased turnover of phosphoinositides in the Geodia cells. The consequences of an increased degradation of phosphatidylinositol 4,5-bisphosphate into the two second messengers inositol-1,4,5-trisphosphate and diacylglycerol are 2-fold. First, after the addition of the extracellular stimulus the cytosolic Ca2+ concentration rises, resulting in a rapid increased Ca2+ efflux rate. The functional consequence of the increase of the extracellular Ca2+ level is an initiation of the aggregate formation that is mediated by the collagen assembly factor (= primary aggregation factor). Second, some experimental evidences are presented, showing that the other second messenger formed, diacylglycerol, causes a translocation of protein kinase C within the cell. Incubation of Geodia cells with the cell-binding fragment of the AF, or with the phorbol ester, 12-O-tetradecanoylphorbol-13-acetate, resulted within 5 min after treatment in a 70% decrease in protein kinase C activity in the cytosolic fraction and in a 700% increase in enzyme activity in the membrane fraction. It is proposed that by membrane association protein kinase C becomes activated. As a result of this event a series of cellular proteins are phosphorylated, a process which ultimately leads to an unusually strong induction of DNA polymerase alpha activity. From these data we conclude that inositol trisphosphate and protein kinase C also play a fundamental role in cellular signal transduction in lower eukaryotes.